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Abstract
Objective: To assess relationships between dietary intake at age 12, 18 and
36 months and BMI Z-scores at age 36 months in a bi-ethnic group.
Design: A prospective cohort study comparing cross-sectional and longitudinal
data. Exposures included dietary intake at 12, 18 and 36 months (FFQ) with an
outcome of BMI Z-score at age 36 months.
Setting: Born in Bradford 1000 study, Bradford, UK.
Subjects: Infants at age 12 months (n 722; 44% White British, 56% Pakistani),
18 months (n 779; 44% White British, 56% Pakistani) and 36 months (n 845; 45%
White British, 55% Pakistani).
Results: Diet at age 12 months was not associated with BMI Z-score at age
36 months. Higher consumption of vegetables at 18 and 36 months was associated
with a lower BMI Z-score at 36 months (model coefﬁcient (95% CI): −0·20 (−0·36,
−0·03) and −0·16 (−0·31, −0·02), respectively). Higher consumption of high-fat
chips at age 36 months was associated with a lower BMI Z-score at age 36 months
(−0·16 (−0·32, 0·00)). Overall, White British children had higher 36-month BMI Z-scores
than Pakistani children (adjusted mean difference (95% CI): 0·21 (0·02, 0·41)).
Conclusions: Our ﬁndings indicate that dietary intake at 18 and 36 months was
somewhat related to BMI Z-score at age 36 months and suggest the importance of
early interventions aimed at establishing healthy eating behaviours.
Keywords
Diet
Infant
Ethnicity
Obesity
BMI
Although childhood obesity is levelling off in some
populations, worldwide prevalence remains high(1,2), even
at very young ages. The number of infants, toddlers and
children (ages 0–5 years) who were overweight increased
from 32 million globally in 1990 to 42 million in 2013. This
ﬁgure is predicted to rise to 70 million by 2025(3).
In the UK, the most recent data provided by the National
Child Measurement Programme including over 1 million
children showed that 9·3% of Year R (reception) children
(ages 4–5 years) were obese and another 12·8% were
overweight(4). Prevalence then increases further in the
ﬁrst few years of school; among Year 6 children (ages
10–11 years), 14·3% were overweight and a further 19·8%
were obese(4). It is estimated by 2020 that 20% of all boys
and 33% of all girls will be obese(5). Infant weight gain has
a positive association with subsequent obesity risk(6,7),
highlighting the importance of research describing the
aetiology of childhood obesity to support the development
and implementation of effective policies and interventions.
Obesity prevalence assessed using BMI in the UK is
signiﬁcantly higher in children of South Asian origin
compared with White British children(8,9) although this
may in part be due to differences in body composition.
Adults of South Asian origin are at greater risk of obesity-
related conditions such as type 2 diabetes(10), even at
lower levels of obesity (measured using BMI), compared
with White British populations. Children with obesity are
more likely to become obese in adulthood and develop
a variety of health problems, including CVD, insulin
resistance, musculoskeletal disorders, some cancers and
disabilities(3); and obesity in later childhood (ages 7 to
<18 years) and early adulthood (ages 18–30 years) is
positively associated with risk of CHD(11). In addition,
overweight and obesity in childhood and adolescence
have adverse consequences on premature mortality and
physical morbidity in adulthood(12). Overweight or obese
adults who were obese as children have an increased risk
of type 2 diabetes, hypertension, dyslipidaemia and
carotid-artery atherosclerosis(13). Importantly, risk of
adverse outcomes does not persist if children are no
longer obese in adulthood(13), highlighting the importance
of early population-based interventions.
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Optimizing a child’s diet before the age of 2 years
may be critical in preventing obesity and obesity-related
diseases(14) as inappropriate early eating behaviours
established during the complementary feeding period
(weaning) and the ﬁrst few years of life may persist(15,16).
It is important to understand the early risk factors for
obesity and develop effective interventions for parents and
their offspring supporting healthy weight behaviours(17).
With this in mind, we aimed to explore associations
between dietary intake at age 12, 18 and 36 months with
BMI Z-score at age 36 months in a bi-ethnic sample of
White British- and Pakistani-origin infants and children,
alongside examining ethnic differences in dietary intake
and BMI Z-score at age 36 months.
Methods
Participants and study design
The Born in Bradford (BiB) study is a longitudinal, multi-
ethnic birth cohort study designed to examine the impact
of environmental, psychological and genetic factors on
maternal and child health and well-being(18). Bradford is
the sixth largest city in the UK, with a population of
about 500 000 and high rates of childhood morbidity and
mortality(18). Compared with the national average infant
mortality rate in 2003 of 5·5 deaths/1000 live births, in
Bradford it peaked at 9·4 deaths/1000 live births(18). BiB
was created in response to rising concerns about the high
rates of childhood morbidity and mortality in Bradford.
Between March 2007 and December 2010, 12 453 women
comprising 13 776 pregnancies were recruited to the BiB
cohort. Mothers were recruited at 26–28 weeks’ gestation
within Bradford Royal Inﬁrmary while waiting for their
routine glucose tolerance test.
The Born in Bradford 1000 cohort (BiB1000) is a sub-
sample of the full BiB cohort speciﬁcally examining the
determinants of childhood obesity(19). From August 2008
to March 2009, all mothers recruited to the full BiB cohort
were eligible for participation in BiB1000. This study
involved further assessments at 6, 12, 18, 24 and
36 months of age, including detailed measurements of
anthropometry and social, behavioural and environmental
factors that were hypothesized to relate to obesity devel-
opment(19). Dietary data were collected when children
were aged 12, 18 and 36 months.
Measurements
Dietary intake at 12 and 18 months
Dietary data were collected when children were aged
12 and 18 months using a validated parent-reported FFQ
from the Southampton Women’s Survey cohort study(20).
The questionnaire was adapted for BiB1000 to reﬂect
dietary intake within the multi-ethnic population of Brad-
ford, based on ﬁndings from 24 h dietary recalls in the
area, and resulted in eight additional items (chapattis
(white ﬂour), chapattis (wholemeal ﬂour), boiled rice,
fried rice, semolina pudding, milk-based puddings,
sponge puddings and other vegetables (e.g. okra, auber-
gine)). The resulting FFQ therefore included a list of
ninety-eight food items, allowing the frequency of con-
sumption and amounts consumed over the preceding
month to be recorded(21). The response categories for
each food were ‘never’ (recorded as 0), ‘less than once a
week’ (recorded as 0·5), ‘food eaten weekly’ (recorded as
the number of times per week) and ‘food eaten more than
once a day’ (recorded as the number of times per day). An
open response section in the same format was included to
allow frequencies of consumption and amounts of any
foods that are not listed in the ninety-eight foods. Flash
cards were used to show the foods included in each food
group, to promote standardized responses to the FFQ.
Household utensils (tablespoons, teaspoons, bowls and
feeding beakers) were used to estimate portion sizes and
quantities of foods and drinks consumed. The FFQ was
administered by a team of multilingual community
research administrators, who were trained by dietitians.
For the purposes of analysis at 12 and 18 months, thir-
teen key indicator food categories were formed from the
ninety-eight foods. The key indicator foods were deﬁned
as those consumed by this age group as identiﬁed through
dietary surveys(22) and associated with high energy density
(high fat, high sugar) and low energy density (high ﬁbre,
low fat, low sugar), and therefore assumed to have
a plausible role in obesity development(23). The key
indicator foods (Table 1) were selected on the basis of
their contribution to dietary patterns associated with the
development of obesity(21).
Dietary intake at 36 months
The 36-month validated FFQ was a modiﬁed version of the
Survey of Sugar Intake among Children in Scotland
study(24). This FFQ included questions on 140 types of
food and drink within sixteen categories. Parents were
asked to describe their child’s diet over the previous two
to three months, including all main meals, snacks and
drinks. It also included any foods and drinks their child
consumed outside their home (e.g. at school or nursery,
out-of-school clubs, restaurants, cafés or with family and
friends). Descriptions of portion sizes were provided to
help parents estimate the quantities of their child’s
food intake (e.g. small bowl, slice, teaspoon, small slice,
medium glass and small glass). The response categories
were ‘rarely or never’, ‘1–2 per month’, ‘1 per week’,
‘2–3 per week’, ‘4–6 per week’, ‘1 per day’, ‘2–3 per day’,
‘4–6 per day’ and ‘7 or more per day’ and these were
recorded as 1–9, respectively. For the purposes of analysis,
the responses were converted to daily totals. As with the
12- and 18-month analysis, key indicator food categories
were created; deﬁned as those consumed by this age
group as identiﬁed through dietary surveys(25) and asso-
ciated with high energy density (high fat, high sugar) and
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low energy density (high ﬁbre, low fat, low sugar), and
therefore assumed to have a plausible role in obesity
development(23) (Table 1). Of the 140 foods captured in
the FFQ, ninety-ﬁve were used for the analysis; in some
cases the food groupings were those used in the FFQ (e.g.
fruit) and in other cases foods from different categories
were combined for consistency with the 12- and 18-month
groupings (e.g. ‘cakes’ was a combination of ‘biscuits and
cakes’, ‘desserts’ and ‘sweets, chocolates and ice cream’).
Some foods were also split within their own categories;
meat and ﬁsh for example were split into non-processed
and processed foods. The list of key indicator foods was
not identical to those used at 12 and 18 months due to the
necessity of using a validated age-appropriate FFQ.
Ethnicity
Maternal and child ethnicity was self-assigned by the
mother at the baseline assessment (26–28 weeks’ gesta-
tion) using the same ethnic group classiﬁcation as the 2001
UK census(26) and categorized into White British, Pakis-
tani, Other South Asian (Indian, Bangladeshi) and Other
ethnicities (White other, Black, mixed race, other unspe-
ciﬁed). Due to the smaller numbers within the other ethnic
groups in the sample, data are presented for the two larger
groups at 12 months (White British, 38%; Pakistani, 49%),
18 months (White British, 37%; Pakistani, 49%) and
36 months (White British, 38%; Pakistani, 48%).
BMI Z-score
Weight (in kilograms) and height (in metres) were mea-
sured by trained researchers when children were aged
36 months. Age- and gender-adjusted BMI (= [weight
(kg)]/[height (m)]2) Z-scores were then calculated based
on the WHO 2006 standards(27).
Data analysis
The frequencies of consumption of key indicator foods at
age 12, 18 and 36 months were tabulated across children’s
BMI Z-score at age 36 months for the full sample and by
ethnic group; see Tables 2 and 3 for the median frequency
and interquartile range (IQR) of consumption for each key
indicator food by ethnic group. Although the FFQ assesses
both frequency and quantity, we chose to evaluate fre-
quency of consumption of foods as this was deemed more
appropriate to identify and inform key public health
messages. Quantitative recommended dietary intake
guidelines do not currently exist for all the key indicator
foods for this age group in the UK, so it was not possible to
categorize intake into those meeting or not meeting
recommended intake levels. A pragmatic approach to
deﬁning cut-offs was therefore used to deﬁne high and
low intakes, where intakes were dichotomized into con-
sumer/non-consumer (i.e. zero intake/any intake) and
below and equal to/above the median intake for that key
indicator food (i.e. lower intake/higher intake); see
Table 1. Foods with a median intake of zero were those
dichotomized into consumer/non-consumer and foods
with a median intake of greater than zero were those
dichotomized into below and equal to/above the median
intake. Cross-tabulation of ethnicity against the categor-
izations (high and low consumption) of each food at 12,
18 and 36 months is shown in the online supplementary
material, Supplemental Table 1. Also shown are P values
from χ2 tests of independence between ethnicity and
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Table 1 List of key indicator foods and categorizations of consumption at 12, 18 and 36 months
12 and 18 months 36 months
Key indicator food group Categorization Key indicator food group Categorization
Baby formula milk (incl. all formula milk drinks) Consumer/non-consumer High-fat milk ≤Median/>median
Baby savoury commercial foods (incl. dried, jars,
tinned varieties)
Consumer/non-consumer Low-fat milk Consumer/non-
consumer
Baby sweet commercial foods (incl. dried, jars,
tinned varieties)
Consumer/non-consumer High-fat chips ≤Median/>median
Chips, roast and potato shapes ≤Median/>median Low-fat chips ≤Median/>median
Processed meat products ≤Median/>median Non-processed meat ≤Median/>median
Vegetables (incl. tinned and salad) ≤Median/>median Processed meat ≤Median/>median
Fruit (incl. fresh, tinned and cooked fruit) ≤Median/>median Non-processed fish ≤Median/>median
Sweet snacks (incl. cakes, biscuits,
chocolate, sweets)
≤Median/>median Processed fish ≤Median/>median
Savoury crisp-type snacks ≤Median/>median Vegetables ≤Median/>median
Sugar-sweetened drinks Consumer/non-consumer
(12 months)
Fruit ≤Median/>median
≤Median/>median (18 months) Crisps ≤Median/>median
Pure fruit juices and baby fruit juices Consumer/non-consumer
(12 months)
Cakes ≤Median/>median
≤Median/>median (18 months) Chocolate ≤Median/>median
Low-sugar drinks (artificially sweetened) Consumer/non-consumer Water ≤Median/>median
Water ≤Median/>median High-sugar drinks ≤Median/>median
Low-sugar drinks ≤Median/>median
Low-sugar cereals ≤Median/>median
Sweetened cereals ≤Median/>median
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consumption for each food group, using a false discovery
rate correction for multiple testing.
Multiple linear regression was used to model associa-
tions between consumption of key indicator foods at age
12, 18 and 36 months with BMI Z-score at age 36 months,
adjusted for ethnicity, gender and birth weight, with
BMI Z-score at age 36 months being the response variable
and ethnicity, gender and birth weight plus key indicator
food consumption variables being predictors in the
models. Multiple logistic regression was used to model
associations between ethnicity and consumption of key
indicator foods at age 36 months. The coefﬁcients for
the key indicator foods in Tables 4–6 represent the
change in 36-month BMI Z-score for children consuming
those foods or those consuming those foods more than the
median frequency time (i.e. an increased consumption).
The intercept represents a baseline BMI Z-score value
and an effect for Pakistani children; the ethnicity
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Table 2 Key indicator food consumption at 12 and 18 months, split by ethnicity: White British and Pakistani children from the Born in
Bradford 1000 study (Bradford, UK), August 2008–March 2009
Frequency of consumption (per day or per week)
12 months 18 months
White British Pakistani White British Pakistani
Key indicator food group Median IQR Median IQR Median IQR Median IQR
Key 1: Formula milk (frequency/d)* 0·0 0·0–2·0 0·0 0·0–2·0 0·0 0·0–0·0 0·0 0·0–0·0
Key 2: Commercial savoury baby foods (frequency/week)* 0·0 0·0–4·0 0·0 0·0–2·0 0·0 0·0–0·0 0·0 0·0–0·0
Key 3: Commercial sweet baby foods (frequency/week)* 0·0 0·0–0·0 0·0 0·0–2·0 0·0 0·0–0·0 0·0 0·0–0·0
Key 4: Chips, roast and potato shapes (frequency/week)† 0·5 0·0–2·0 1·0 1·0–2·0 7·0 7·0–7·0 7·0 7·0–7·0
Key 5: Processed meat products (frequency/week)† 2·0 0·5–3·5 0·0 0·0–1·0 21·0 14·0–28·0 7·0 0·0–7·0
Key 6: Vegetables (incl. tinned and salad) (frequency/d)† 1·7 1·1–2·3 1·9 1·0–2·7 6·0 4·0–7·0 5·0 4·0–7·0
Key 7: Fruit (incl. fresh, tinned and cooked) (frequency/d)† 1·5 0·9–2·4 2·1 1·3–3·1 5·0 3·5–6·0 5·0 4·0–6·0
Key 8: Cakes, biscuits, chocolate and sweets (frequency/d)† 0·7 0·4–1·2 0·6 0·2–1·1 3·0 2·0–4·0 3·0 2·0–4·0
Key 9: Crisps and savoury snacks (frequency/week)† 2·0 0·0–3·0 2·0 0·5–4·0 7·0 7·0–7·0 7·0 7·0–7·0
Key 10: Sugar-sweetened drinks (frequency/week)*/† 0·0 0·0–3·0 1·0 0·0–7·0 7·0 0·0–14·0 7·0 7·0–14·0
Key 11: Pure fruit juice (frequency/week)*/† 0·0 0·0–4·0 0·5 0·0–7·0 0·0 0·0–7·0 7·0 0·0–7·0
Key 12: Low-sugar drinks (frequency/week)* 0·0 0·0–2·0 0·0 0·0–0·8 0·0 0·0–14·0 0·0 0·0–7·0
Key 13: Water (frequency/d)† 2·0 1·0–3·0 2·0 1·0–3·0 1·0 0·0–3·0 3·0 1·8–4·0
IQR, interquartile range.
*Consumption of any or none.
†Consumption of >median or ≤median.
Table 3 Key indicator food consumption at 36 months, split by ethnicity, with logistic regression model properties: White British and Pakistani
children from the Born in Bradford 1000 study (Bradford, UK), August 2008–March 2009
Frequency of consumption (per day)
White British Pakistani Model properties
Key indicator food group/Intercept Median IQR Median IQR Log OR 95% CI OR 95% CI P value
Intercept – – – – −0·87 −1·48, −0·27 0·42 0·23, 0·76 0·005
Key 1: High-fat milk (frequency/d)† 1·0 0·4–2·5 2·5 1·0–2·5 −0·03 −0·45, 0·40 0·97 0·63, 1·50 0·90
Key 2: Low-fat milk (frequency/d)* 0·0 0·0–1·0 0·0 0·0–0·0 0·99 0·55, 1·44 2·70 1·73, 4·23 <0·001
Key 3: High-fat chips (frequency/d)† 0·2 0·1–0·5 0·5 0·3–0·8 −1·92 −2·45, −1·41 0·15 0·09, 0·24 <0·001
Key 4: Low-fat chips (frequency/d)† 0·5 0·4–0·7 0·2 0·0–0·4 1·59 1·13, 2·07 4·91 3·09, 7·93 <0·001
Key 5: Non-processed meat (frequency/d)† 0·6 0·4–1·0 0·4 0·1–0·8 1·17 0·73, 1·62 3·23 2·08, 5·06 <0·001
Key 6: Processed meat (frequency/d)† 0·6 0·4–0·9 0·3 0·1–0·5 2·22 1·73, 2·74 9·22 5·67, 15·42 <0·001
Key 7: Non-processed fish (frequency/d)† 0·2 0·0–0·3 0·1 0·0–0·3 0·11 −0·35, 0·57 1·12 0·71, 1·76 0·63
Key 8: Processed fish (frequency/d)† 0·3 0·1–0·4 0·4 0·1–0·6 −1·14 −1·61, −0·67 0·32 0·20, 0·51 <0·001
Key 9: Vegetables (frequency/d)† 2·5 1·6–3·4 2·4 1·2–3·8 0·09 −0·35, 0·53 1·10 0·70, 1·71 0·69
Key 10: Fruit (frequency/d)† 2·9 1·7–4·7 3·7 2·2–5·3 −0·72 −1·16, −0·28 0·49 0·31, 0·76 0·001
Key 11: Crisps (frequency/d)† 0·5 0·3–0·8 0·7 0·4–1·1 −0·42 −0·88, 0·04 0·66 0·41, 1·04 0·08
Key 12: Cakes (frequency/d)† 1·9 1·1–3·0 2·3 1·3–3·9 −0·24 −0·71, 0·23 0·79 0·49, 1·26 0·31
Key 13: Chocolate (frequency/d)† 0·4 0·1–0·7 0·4 0·2–1·1 −0·25 −0·71, 0·20 0·78 0·49, 1·23 0·28
Key 14: Water (frequency/d)† 0·7 0·1–2·5 2·5 1·0–5·0 −1·16 −1·60, −0·73 0·31 0·20, 0·48 <0·001
Key 15: High-sugar drinks (frequency/d)† 1·7 0·8–3·5 2·1 1·1–3·6 −0·43 −0·89, 0·02 0·65 0·41, 1·02 0·06
Key 16: Low-sugar drinks (frequency/d)† 1·7 0·5–5·0 0·3 0·0–1·0 1·17 0·75, 1·60 3·22 2·11, 4·97 <0·001
Key 17: Low-sugar cereals (frequency/d)† 1·0 0·4–1·1 0·7 0·4–1·0 0·56 0·14, 0·99 1·76 1·15, 2·68 0·01
Key 18: Sweetened cereals (frequency/d)† 0·1 0·0–0·4 0·1 0·0–0·4 −0·35 −0·78, 0·08 0·71 0·46, 1·09 0·11
IQR, interquartile range.
*Consumption of any or none.
†Consumption of >median or ≤median.
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variable represents the difference in BMI Z-score for
White British children. Ethnic difference in 36-month
BMI Z-score, adjusted for dietary intake, gender and
birth weight, was assessed using these linear regression
models, utilizing the coefﬁcients and associated CI for
ethnicity.
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Table 4 Key indicator food consumption at 12 months, with linear regression model properties and mean 36-month BMI Z-scores: White
British and Pakistani children from the Born in Bradford 1000 study (Bradford, UK), August 2008–March 2009
Intake at 12 months Model properties
Key indicator food group/Intercept/Ethnicity Median IQR Coeff. 95% CI P value
Intercept – – −1·11 −1·71, −0·52 <0·001
Ethnicity – – 0·29 0·10, 0·49 0·003
Key 1: Formula milk (frequency/d)* 0·0 0·0–2·0 0·08 −0·08, 0·23 0·33
Key 2: Commercial savoury baby foods (frequency/week)* 0·0 0·0–3·0 −0·02 −0·19, 0·15 0·82
Key 3: Commercial sweet baby foods (frequency/week)* 0·0 0·0–0·5 0·11 −0·08, 0·30 0·25
Key 4: Chips, roast and potato shapes (frequency/week)† 1·0 0·0–2·0 −0·04 −0·21, 0·13 0·65
Key 5: Processed meat products (frequency/week)† 0·5 0·0–2·0 0·01 −0·16, 0·19 0·88
Key 6: Vegetables (incl. tinned and salad) (frequency/d)† 1·7 1·1–2·6 −0·06 −0·21, 0·10 0·48
Key 7: Fruit (incl. fresh, tinned and cooked) (frequency/d)† 1·9 1·1–2·9 0·09 −0·07, 0·25 0·25
Key 8: Cakes, biscuits, chocolate and sweets (frequency/d)† 0·6 0·3–1·1 −0·05 −0·21, 0·11 0·54
Key 9: Crisps and savoury snacks (frequency/week)† 2·0 0·0–3·0 −0·02 −0·18, 0·13 0·76
Key 10: Sugar-sweetened drinks (frequency/week)* 0·0 0·0–0·5 0·07 −0·08, 0·23 0·36
Key 11: Pure fruit juice (frequency/week)* 0·0 0·0–0·5 −0·05 −0·20, 0·10 0·53
Key 12: Low-sugar drinks (frequency/week)* 0·0 0·0–1·0 0·09 −0·08, 0·26 0·32
Key 13: Water (frequency/d)† 2·0 1·0–3·0 −0·12 −0·27, 0·04 0·13
36-month BMI Z-score
Mean 95% CI
White British 0·76 0·67, 0·86
Pakistani 0·40 0·29, 0·52
Overall 0·56 0·49, 0·64
IQR, interquartile range; Coeff., coefficient.
*Consumption of any or none.
†Consumption of >median or ≤median.
Table 5 Key indicator food consumption at 18 months, with linear regression model properties and mean 36-month BMI Z-scores: White
British and Pakistani children from the Born in Bradford 1000 study (Bradford, UK), August 2008–March 2009
Intake at 18 months Model properties
Key indicator food group/Intercept/Ethnicity Median IQR Coeff. 95% CI P value
Intercept – – −0·77 −1·39, −0·14 0·02
Ethnicity – – 0·21 0·03, 0·39 0·02
Key 1: Formula milk (frequency/d)* 0·0 0·0–0·0 0·05 −0·15, 0·25 0·61
Key 2: Commercial savoury baby foods (frequency/week)* 0·0 0·0–0·0 −0·08 −0·34, 0·18 0·56
Key 3: Commercial sweet baby foods (frequency/week)* 0·0 0·0–0·0 −0·04 −0·31, 0·23 0·76
Key 4: Chips, roast and potato shapes (frequency/week)† 7·0 7·0–7·0 −0·21 −0·46, 0·03 0·08
Key 5: Processed meat products (frequency/week)† 7·0 0·0–21·0 0·00 −0·19, 0·18 0·97
Key 6: Vegetables (incl. tinned and salad) (frequency/d)† 6·0 4·0–7·0 −0·20 −0·36, −0·03 0·02
Key 7: Fruit (incl. fresh, tinned and cooked) (frequency/d)† 5·0 4·0–6·0 −0·04 −0·19, 0·11 0·60
Key 8: Cakes, biscuits, chocolate and sweets (frequency/d)† 3·0 2·0–4·0 0·00 −0·16, 0·15 0·99
Key 9: Crisps and savoury snacks (frequency/week)† 7·0 7·0–7·0 −0·02 −0·24, 0·20 0·85
Key 10: Sugar-sweetened drinks (frequency/week)† 7·0 0·0–14·0 −0·01 −0·18, 0·16 0·91
Key 11: Pure fruit juice (frequency/week)† 7·0 0·0–7·0 −0·07 −0·21, 0·08 0·37
Key 12: Low-sugar drinks (frequency/week)* 0·0 0·0–7·0 0·11 −0·04, 0·27 0·15
Key 13: Water (frequency/d)† 2·0 1·0–4·0 −0·04 −0·19, 0·12 0·66
36-month BMI Z-score
Mean 95% CI
White British 0·76 0·66, 0·85
Pakistani 0·41 0·31, 0·52
Overall 0·56 0·49, 0·64
IQR, interquartile range; Coeff., coefficient.
*Consumption of any or none.
†Consumption of >median or ≤median.
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The statistical software package R version 2.15.1 (2012)
was used for the analyses.
Results
From the 1916 mothers who were invited, 1735 (91%)
agreed to take part in BiB1000. For the current study,
participants were excluded if they had multiple births
(n 28; ﬁfty-six infants), missing child dietary data, missing
child BMI Z-score at age 36 months or were not of White
British or Pakistani ethnicity. The sample therefore consists
of 722 singleton infants with 12-month data, 779 children
with 18-month data and 845 children with 36-month data.
Table 7 provides information on the characteristics
of the sample. Data are presented for White British and
Pakistani infants only, as they form the largest ethnic
groups in the population of interest. Birth weight (grams)
and 36-month BMI Z-scores have been summarized, split
by ethnicity and gender, for the three time points of
interest. There were a number of statistically signiﬁcant
differences between ethnicity and gender with respect to
36-month BMI Z-score and birth weight; therefore
including ethnicity, gender and birth weight as con-
founders in the linear regression models was justiﬁed.
Exploring dietary intake and patterns between 12,
18 and 36 months
Table 3 presents the associations between consumption of
the key indicator foods at 36 months and ethnicity. OR are
presented for Pakistani infants compared with White
British infants. There were a number of statistically sig-
niﬁcant differences at 36 months, with Pakistani infants
more likely to consume high-fat chips, processed ﬁsh, fruit
and water (OR (95% CI): 0·15 (0·09, 0·24), 0·32 (0·20,
0·51), 0·49 (0·31, 0·76) and 0·31 (0·20, 0·48), respectively)
than White British infants. White British infants were
more likely to consume low-fat milk, low-fat chips, non-
processed meat, processed meat, low-sugar drinks and
low-sugar cereals (OR (95% CI): 2·70 (1·73, 4·23),
4·91 (3·09, 7·93), 3·23 (2·08, 5·06), 9·22 (5·67, 15·42), 3·22
(2·11, 4·97) and 1·76 (1·15, 2·68), respectively) than
Pakistani infants.
Associations of key indicator food consumption at
12 months with 36-month BMI Z-scores
Table 4 shows the median frequency of consumption and
associated IQR for the key indicator foods at age
12 months in White British and Pakistani infants (n 722)
and associations between consumption of key indicator
foods by infants aged 12 months with BMI Z-score at
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Table 6 Key indicator food consumption at 36 months, with linear regression model properties and mean 36-month BMI Z-scores: White
British and Pakistani children from the Born in Bradford 1000 study (Bradford, UK), August 2008–March 2009
Intake at 36 months Model properties
Key indicator food group/Intercept/Ethnicity Median IQR Coeff. 95% CI P value
Intercept – – −0·90 −1·42, −0·39 <0·001
Ethnicity – – 0·21 0·02, 0·41 0·03
Key 1: High-fat milk (frequency/d)† 1·4 0·7–2·5 −0·02 −0·17, 0·12 0·77
Key 2: Low-fat milk (frequency/d)* 0·0 0·0–0·4 0·07 −0·09, 0·23 0·39
Key 3: High-fat chips (frequency/d)† 0·4 0·2–0·7 −0·16 −0·32, 0·00 0·05
Key 4: Low-fat chips (frequency/d)† 0·4 0·1–0·5 −0·04 −0·20, 0·12 0·62
Key 5: Non-processed meat (frequency/d)† 0·5 0·2–0·9 −0·09 −0·23, 0·06 0·25
Key 6: Processed meat (frequency/d)† 0·4 0·2–0·7 −0·08 −0·24, 0·08 0·32
Key 7: Non-processed fish (frequency/d)† 0·1 0·0–0·3 0·14 −0·01, 0·29 0·07
Key 8: Processed fish (frequency/d)† 0·3 0·1–0·5 −0·07 −0·22, 0·08 0·38
Key 9: Vegetables (frequency/d)† 2·4 1·4–3·6 −0·16 −0·31, −0·02 0·03
Key 10: Fruit (frequency/d)† 3·2 1·9–5·0 −0·09 −0·24, 0·05 0·21
Key 11: Crisps (frequency/d)† 0·6 0·4–1·0 0·01 −0·13, 0·16 0·85
Key 12: Cakes (frequency/d)† 2·1 1·2–3·5 0·04 −0·12, 0·19 0·63
Key 13: Chocolate (frequency/d)† 0·4 0·1–0·7 0·00 −0·15, 0·15 1·00
Key 14: Water (frequency/d)† 1·0 0·4–2·5 0·07 −0·07, 0·22 0·32
Key 15: High-sugar drinks (frequency/d)† 2·0 1·0–3·5 0·01 −0·13, 0·16 0·87
Key 16: Low-sugar drinks (frequency/d)† 0·7 0·0–2·5 0·13 −0·01, 0·28 0·08
Key 17: Low-sugar cereals (frequency/d)† 0·7 0·4–1·1 −0·07 −0·21, 0·07 0·31
Key 18: Sweetened cereals (frequency/d)† 0·1 0·0–0·4 −0·02 −0·17, 0·12 0·74
36-month BMI Z-score
Mean 95% CI
White British 0·74 0·65, 0·83
Pakistani 0·39 0·29, 0·49
Overall 0·55 0·48, 0·62
IQR, interquartile range; Coeff., coefficient.
*Consumption of any or none.
†Consumption of >median or ≤median.
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age 36 months, adjusted for ethnicity, gender and birth
weight. There were no signiﬁcant associations between
consumption of any key indicator food groups at age
12 months and BMI Z-score at age 36 months.
Associations of key indicator food consumption at
18 months with 36-month BMI Z-scores
Table 5 shows the median frequency of consumption and
associated IQR for the key indicator foods at age 18 months
in White British and Pakistani children (n 779) and asso-
ciations between consumption of key indicator food groups
by children aged 18 months and BMI Z-score at age
36 months, adjusted for ethnicity, gender and birth weight.
Intake of vegetables at 18 months was associated with
BMI Z-score at age 36 months (model coefﬁcient (95% CI):
−0·20 (−0·36, −0·03)), with children who consumed
vegetables more frequently than the median time
(6·0 (IQR 4·0–7·0) times/d) at age 18 months being more
likely to have a lower BMI Z-score at age 36 months than
children consuming vegetables less frequently than or
equal to the median time. Intake of other key indicator
foods at age 18 months was not related to BMI Z-score
at age 36 months.
With assessment of the same key indicator foods at
12 and 18 months, the effect sizes and CI can be directly
compared over time (Fig. 1). Conﬁdence intervals to the
right of the vertical dashed line at zero in Fig. 1 show
variables which are associated with an increase in 36-
month BMI Z-score, whereas those to the left show vari-
ables which are associated with a decrease in 36-month
BMI Z-score. The upper limit for the vegetables CI at
18 months lies below zero, indicating a negative associa-
tion and therefore that a higher consumption of vegetables
at 18 months is associated with a lower BMI Z-score at
36 months. In addition, the CI at 12 and 18 months for
each key indicator food overlap substantially, indicating
no inconsistent effects of diet at age 12 and 18 months on
BMI Z-score at 36 months.
Associations of key indicator food consumption at
36 months with 36-month BMI Z-scores
Table 6 shows the median frequency of consumption
and the IQR for the key indicator foods at age 36 months
in White British and Pakistani children (n 845) along
with the associations between consumption of key
indicator foods by children aged 36 months and BMI
Z-score at age 36 months, adjusted for ethnicity, gender
and birth weight.
Children consuming high-fat chips more frequently than
the median frequency at age 36 months (0·4 (IQR 0·2–0·7)
times/d) were more likely to have lower BMI Z-scores at
age 36 months than those consuming high-fat chips less
frequently than or equal to the median frequency (model
coefﬁcient (95% CI): − 0·16 (−0·32, 0·00)). There remained
an association between vegetable intake and 36-month
BMI Z-score (model coefﬁcient (95% CI): − 0·16 (−0·31,
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Dietary intake and its relationship to BMI 7
−0·02)), with children consuming vegetables more fre-
quently than the median frequency at age 36 months (2·4
(IQR 1·4–3·6) times/d) being more likely to have a lower
BMI Z-score at age 36 months than children consuming
vegetables less frequently than or equal to the median
frequency. Intake of other key indicator foods at age
36 months was not related to BMI Z-score at age
36 months; although a weak association was found
between consumption of non-processed ﬁsh and 36-
month BMI Z-score, where children consuming non-
processed ﬁsh more frequently than the median frequency
at age 36 months (0·1 (IQR 0·0–0·3) times/d) were more
likely to have higher BMI Z-scores at age 36 months than
those consuming non-processed ﬁsh less frequently than
or equal to the median frequency (model coefﬁcient= 0·14
(95% CI −0·01, 0·29)).
Ethnic differences in 36-month BMI Z-scores
Ethnic differences in 36-month BMI Z-scores were
consistent regardless of which dietary data (12, 18 and
36 months) were included in the model. Figure 2 shows the
comparison of the ethnicity effect sizes and CI at 12, 18 and
36 months on 36-month BMI Z-score. These estimates were
obtained from the linear regression models (Tables 4–6)
where ethnicity was used as a confounder and represent
the difference in BMI Z-score (White British – Pakistani
children). White British children had a higher mean
36-month BMI Z-score than Pakistani children when adjusted
for gender, birth weight and dietary intake at age 12, 18 and
36 months (model coefﬁcient (95% CI): 0·29 (0·10, 0·49), 0·21
(0·03, 0·39) and 0·21 (0·02, 0·41), respectively). These results
suggest that ethnic differences in growth patterns such as BMI
and weight which have been shown to exist at birth are likely
to continue to at least 36 months of age.
Discussion
In our study, White British children had higher BMI
Z-scores at age 36 months compared with Pakistani chil-
dren, consistent with other data stating Pakistani infants
are lighter and have shorter lengths than White British
infants at birth(28–32). This demonstrates that ethnic
differences in growth characteristics (weight and height)
are present from birth to at least 36 months of age.
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Intercept
Formula milk
Commercial savoury baby foods
Commercial sweet baby foods
Chips, roast and potato shapes
Processed meat products
Vegetables
Fruit
Cakes, biscuits, chocolate and sweets
Crisps and savoury snacks
Sugar-sweetened drinks
Pure fruit juice
Low-sugar drinks
–1.5 –0.5 0.0 0.5
Model coefficient (95 % CI)
–1.0
Water
Fig. 1 Comparison of effect sizes ( ) and 95% CI (represented by horizontal lines) of consumption of key indicator foods at
12 months ( ) and 18 months ( ) on BMI Z-score at age 36 months among White British and Pakistani children from the
Born in Bradford 1000 study (Bradford, UK), August 2008–March 2009
36 months
18 months
12 months
0.2
Model coefficient (95 % CI)
0.4 0.60.0
Fig. 2 Comparison of the ethnicity effect sizes ( ; White British – Pakistani children) and 95% CI (represented by horizontal lines)
at 12, 18 and 36 months on 36-month BMI Z-score among White British and Pakistani children from the Born in Bradford 1000 study
(Bradford, UK), August 2008–March 2009
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Our research also provides evidence that higher intake of
vegetables at ages 18 and 36 months is associated with
a lower BMI Z-score at age 36 months. Previous literature
in this area is inconsistent, which could be attributed to
heterogeneity in populations, particularly differences in
age groups. Inconsistent ﬁndings have been identiﬁed in a
previous systematic review(33) indicating dietary patterns
that are high in energy-dense, high-fat and low-ﬁbre foods
predispose young people to later overweight and obesity.
That review also highlighted that examining multiple
dietary factors within a dietary pattern may better explain
obesity risk than individual nutrients or foods. Some
literature suggests that the evidence of a relationship
between vegetable consumption and BMI is inconsistent,
especially among children(34); however, others report
negative associations between fruit and vegetable con-
sumption and BMI/obesity(35,36). On balance, early intro-
duction of vegetables in infant diets is warranted, not only
due to its possible association with a reduction in BMI
Z-score but also for its contribution towards a healthy
balanced diet (e.g. high ﬁbre, vitamin A and vitamin C,
lower energy density). It is however unknown whether
encouraging fruit and vegetable consumption displaces
other high energy-dense foods in diets.
Dietary intakes for infants and children aged 12
and 18 months in this sample have been discussed pre-
viously(21), showing that consumption of foods high in
sugar and fat is evident in diets before age 36 months.
Foods such as chips; roast potatoes and potato shapes;
cakes, biscuits, chocolates and sweets; crisps and savoury
snacks; and processed meat products featured regularly in
the diets of children. At 12 months Pakistani infants were
more likely to consume fruit and chips or potatoes
(adjusted OR (95% CI): 2·20 (1·70, 2·85) and 2·75 (2·09,
3·62), respectively) but less likely to consume processed
meat products than White British infants (0·11 (0·08,
0·15))(21). At 18 months, Pakistani infants were more likely
to consume fruit, chips or potatoes and water (adjusted OR
(95% CI): 1·40 (1·08, 1·81), 2·26 (1·50, 3·43) and 3·24 (2·46,
4·25), respectively) but less likely to consume processed
meat products than White British infants (0·10 (0·06,
0·15))(21). These patterns are shown to still be present at
36 months, indicating that ethnic differences in food
consumption start early (12 and 18 months) and continue
at 36 months. Here we have shown additional dietary data
at age 36 months (Table 6) indicating persistent patterns,
with median consumption of cakes and high-sugar drinks
of 2·1 and 2·0 times/d, respectively. However, there is
evidence to suggest the ‘ﬁve fruit and vegetables a day’
message may be starting to get through, with median
consumption of 6·0 times/d (fruit 3·2 and vegetables 2·4).
Although children eating fruit and vegetables on more
than ﬁve occasions per day is encouraging, we should not
confuse this result with ﬁve portions per day since the
quantity eaten is not included in our analysis. Even so, ﬁve
times per day is beneﬁcial because this should displace
other unhealthier foods at this young age(37–40). We
acknowledge that looking at dietary patterns (e.g. a
combination of foods consumed) might be better at
reﬂecting associations with weight rather than individual
foods (or food groups), as has been previously sug-
gested(33), but for consistency with the analysis performed
at 12 and 18 months(21) and in order to perform compar-
isons, food groups (a combination of similar foods) were
used instead.
Our research suggests that relationships between 36-
month BMI Z-score and key indicator foods are present at
18 and 36 months; however, using cross-sectional data
means causality cannot be established. This was apparent
in anticipated foods such as vegetables, but we also found
other, more unexpected, associations between intake of
non-processed ﬁsh (grilled or poached white ﬁsh, fried
oily ﬁsh, smoked oily ﬁsh, tinned tuna, tinned salmon,
sardines, mackerel, pilchards and prawns) and high-fat
chips at age 36 months and BMI Z-score at age 36 months;
related to higher and lower BMI Z-scores, respectively.
These unexpected results could be attributed to our
method of dietary assessment; on the other hand, previous
literature has reported high intake of ﬁsh products is
associated with an increased body weight status in school-
aged children due to accumulation of fat-free mass(41). We
considered whether the level of breast-feeding in this age
group was more important than diet but previous research
in this sample has shown there are no associations
between infant feeding practices and BMI at 3 years(42).
Research exists reporting that obese children eat chips
more frequently than normal-weight children(43), offering
French fries and similar potato products in school meals
more than once per week is associated with a signiﬁcantly
higher likelihood of obesity(44) and higher BMI Z-scores
are strongly associated with the consumption of high-fat
foods (including chips and French fries)(45); our research
appears to disagree with these results and goes against
intuition. More research is warranted in this population to
fully investigate the relationship between consumption
of high-fat chips and obesity (BMI Z-score).
Our identiﬁed relationships between diet and 36-month
BMI Z-score contribute to evidence highlighting the
importance of appropriate diets for all children from a
young age(33). As promoting consumption of vegetables is
notoriously more difﬁcult than promoting consumption of
fruit(46), it is encouraging to note in our sample that chil-
dren aged 36 months were reported to consume vege-
tables on average almost two-and-a-half times per day and
fruit and vegetables six times per day. With inappropriate
eating behaviours established early in life(15,16), the early
introduction of foods associated with a decrease in BMI
Z-score is essential. The results presented regarding
the association between vegetable consumption and
36-month BMI Z-score leaves the question of what inter-
ventions could be encouraged. Possibilities are parents
setting an example, the one bite rule and rewarding
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attempts to eat vegetables(47). Repeated exposure is
a simple effective technique that can be used to improve
acceptance of novel vegetables(48). Other aspects of a
child’s diet can be improved by eating a healthy breakfast,
healthier snacks (e.g. fewer crisps and biscuits), making
water the drink of choice, eating meals together
and allowing children to get involved in the preparation
of meals(49).
The present study has highlighted ethnic differences in
BMI Z-score in early childhood, consistent with previous
research on growth patterns(28,29). Ethnic disparities in
obesity prevalence are already present by the pre-school
years, suggesting that disparities in childhood obesity pre-
valence may have their origins in the earliest stages of
life(50). Previous research has shown associations between
dietary intake during infancy and the early childhood per-
iod by ethnicity in the BiB sample(21), with consumption
patterns of processed meat products, fruit and chips or
potatoes being evident in White British and Pakistani infants
at 12 months and increasing by 18 months of age, and
further consumption patterns in water and low-sugar drinks
being established at 18 months(21). Research by the Avon
Longitudinal Study of Parents and Children (ALSPAC) has
also reported an impact of early nutrition on excess
growth(51). In one study, breast-feeding status was asso-
ciated with later obesity, although this was predominantly
observed later, when children were of school age(52). It is
possible that differences in the data between ALSPAC and
BiB are due to differences in ethnicity between the cohorts
(e.g. 71% of the ALSPAC participants were White). It is also
possible that the trajectory of excess weight gain in BiB
children would continue to increase after school entry, but
data are not available to test this hypothesis.
We have identiﬁed associations between consumption
of some foods and BMI Z-score in early childhood. Further
research is warranted to determine whether associations
are maintained in later childhood.
Our study included a large bi-ethnic sample with long-
itudinal exposure data collected at 12, 18 and 36 months of
age. Dietary data may have been affected by use of a
parent-reported FFQ(20,24), which may be prone to over-
estimation of some foods and underestimation of others.
Assessment of dietary intake via FFQ in large cohort studies
is common(53–55) and is a standard, feasible approach in
large samples(56). Further, two validated questionnaires
were used(20,24). To our knowledge, there is no systematic
error in reporting within FFQ by ethnicity(57).
A limitation of the present study is that infants and chil-
dren of White British and Pakistani ethnicity only were
included in the analysis, constituting only two ethnicities and
one South Asian group. Due to the heterogeneous nature of
this ethnic group, the data cannot be generalized to other
South Asian infants and children. In addition, our study used
data from only one UK geographical region, Bradford, and
the results presented may not be generalizable to other
areas. We accept that BMI Z-score may not be the most
appropriate measure to use as BMI does not directly mea-
sure adiposity(58). Given that previous BiB literature(28,29)
reporting differences in Pakistani and White British infants’
growth measurements exists, a more suitable indicator for
obesity such as percentage body fat could be used.
Stratiﬁed analysis by utilizing two-way interaction terms
in our linear regression models (ethnicity with each key
indicator food) was considered. However, the two-way
interaction terms were all insigniﬁcant, meaning the
stratiﬁed analysis provided equivalent conclusions to the
models without interaction terms. Therefore, the simpler
models were presented as they gave better estimates of
the effect sizes by pooling the ethnicities, hence increasing
the sample size and giving smaller standard errors and
more precise estimates.
It has been suggested that dietary patterns which
emerge early(59) track through infancy(60), into later
childhood(61), and persist into adulthood(62). Findings in
the present study imply the importance of early-life
exposures, with some evidence of associations between
dietary intake and 36-month BMI Z-score being estab-
lished early in life (18 and 36 months). This is an important
conclusion as other studies which have shown relation-
ships between food consumption and growth(63) have
tended to focus on children of school age or older rather
than pre-school children(64–66), or focused solely on
growth characteristics(67,68) or diet(22,69). These results
should be used as a foundation to investigate relationships
in other populations and links to BMI later in life. With the
prediction that 20% of all boys and 33% of all girls will be
obese by 2020(5), it is important to use the information
from studies such as the present one to develop tailored
obesity prevention interventions aimed at pregnant
women and new parents.
Conclusion
We found ethnic differences in BMI Z-score at age
36 months in our sample; in addition we found some
evidence that dietary intake during infancy and early
childhood is associated with BMI Z-score at age 36 months.
This information adds to the evidence base of the
importance of diet in early childhood and supports the
development of tailored interventions aimed to support
parents and carers to optimize early healthy weight
behaviours. Further research is required to establish the
inﬂuence of these dietary patterns in infancy and early
childhood on later health outcomes, including childhood
obesity, across other ethnic groups.
Acknowledgments
Acknowledgements: The authors are grateful to all families
who took part in this study, the midwives for their help in
P
u
b
lic
H
ea
lt
h
N
u
tr
it
io
n
10 S Mahoney et al.
recruiting them, the paediatricians and health visitors, and
the Born in Bradford team which included interviewers,
data managers, laboratory staff, clerical workers, research
scientists, volunteers and managers. Financial support:
This research received no speciﬁc grant from any funding
agency in the public, commercial or not-for-proﬁt sectors.
Conﬂict of interest: The authors declare no conﬂict of
interest. P.S. and M.B. had some ﬁnancial support from a
National Institute of Health Research (NIHR) Collaboration
for Leadership in Applied Health Research and Care
(CLAHRC) implementation grant and/or an NIHR applied
programme grant (RP-PG-0407-10044) for the submitted
work, but have had no ﬁnancial relationships with any
organizations that might have an interest in the submitted
work in the previous 3 years and no other relationships or
activities that could appear to have inﬂuenced the sub-
mitted work. Authorship: All authors contributed to the
interpretation of the results and write-up and have read
and approved the ﬁnal version. M.B. and P.S. designed
the research, trained the data collection staff, provided
oversight in data collection, interpreted results and
supported the manuscript preparation. S.M. conducted the
analysis, interpreted the data and led the writing of
the manuscript. S.B. provided oversight to the analysis,
contributed to data interpretation and reviewed the
manuscript. Ethics of human subject participation: Ethical
approval was granted by Bradford Research Ethics
Committee (reference number 07/H1302/112) and all
participants provided written informed consent (including
allowing access to routine data collection) prior to inclu-
sion in the research.
Supplementary material
To view supplementary material for this article, please visit
https://doi.org/10.1017/S1368980018000654
References
1. World Health Organization (2000) Obesity: Preventing and
Managing the Global Epidemic. Report of a WHO
Consultation. WHO Technical Report Series no. 894.
Geneva: WHO.
2. Wang Y & Lobstein T (2006) Worldwide trends in childhood
overweight and obesity. Int J Pediatr Obes 1, 11–25.
3. World Health Organization (2014) Facts and ﬁgures on
childhood obesity. http://www.who.int/end-childhood-
obesity/facts/en/ (accessed June 2016).
4. Public Health England (2015) Child obesity. http://www.
noo.org.uk/NOO_about_obesity/child_obesity (accessed
February 2017).
5. Department of Health (2009) Healthy Weight, Healthy
Lives: One Year On. http://webarchive.nationalarchives.
gov.uk/20100407220245/,http://www.dh.gov.uk/prod_con
sum_dh/groups/dh_digitalassets/documents/digitalasset/dh_
097623.pdf (accessed June 2016).
6. Ong KK & Loos RJ (2006) Rapid infancy weight gain and
subsequent obesity: systematic reviews and hopeful
suggestions. Acta Paediatr 95, 904–908.
7. Druet C, Stettler N, Sharp S et al. (2012) Prediction of
childhood obesity by infancy weight gain: an individual‐
level meta‐analysis. Paediatr Perinat Epidemiol 26, 19–26.
8. Health and Social Care Information Centre (2013) National
Child Measurement Programme: England, 2012/13
School Year. http://www.hscic.gov.uk/catalogue/PUB131
15/nati-chil-means-prog-eng-2012-2013-rep.pdf (accessed
June 2016).
9. Saxena S, Ambler G, Cole TJ et al. (2004) Ethnic group
differences in overweight and obese children and young
people in England: cross sectional survey. Arch Dis Child
89, 30–36.
10. Razak F, Anand SS, Shannon H et al. (2007) Deﬁning obe-
sity cut points in a multiethnic population. Circulation 115,
2111–2118.
11. Owen CG, Whincup PH, Orfei L et al. (2005) Is body mass
index before middle age related to coronary heart disease
risk in later life? Evidence from observational studies. Int J
Obes (Lond) 33, 866–867.
12. Reilly JJ & Kelly J (2011) Long-term impact of overweight
and obesity in childhood and adolescence on morbidity and
premature mortality in adulthood: systematic review. Int J
Obes (Lond) 35, 891–898.
13. Juonala M, Magnussen CG, Berenson GS et al. (2011)
Childhood adiposity, adult adiposity, and cardiovascular
risk factors. N Engl J Med 365, 1876–1885.
14. Barker DJ (2007) Obesity and early life. Obes Rev
8, Suppl. 1, 45–49.
15. Birch L, Savage JS & Ventura A (2007) Inﬂuences on the
development of children’s eating behaviours: from infancy
to adolescence. Can J Diet Pract 68, issue 1, s1–s56.
16. Moorcroft KE, Marshall JL & McCormick FM (2011) Asso-
ciation between timing of introducing solid foods and
obesity in infancy and childhood: a systematic review.
Matern Child Nutr 7, 3–26.
17. Lobstein T, Baur L & Uauy R (2004) Obesity in children and
young people: a crisis in public health. Obes Rev 5, Suppl. 1,
4–85.
18. Wright J, Small N, Raynor P et al. (2012) Cohort proﬁle: the
Born in Bradford multi-ethnic family cohort study. Int J
Epidemiol 42, 978–991.
19. Bryant M, Santorelli G, Fairley L et al. (2012) Design and
characteristics of a new birth cohort, to study the early
origins and ethnic variation of childhood obesity: the
BiB1000 study. Longit Life Course Stud 4, 119–135.
20. Marriott LD, Inskip HM, Borland SE et al. (2009) What do
babies eat? Evaluation of a food frequency questionnaire to
assess the diets of infants aged 12 months. Public Health
Nutr 12, 967–972.
21. Sahota P, Gatenby LA, Greenwood DC et al. (2016) Ethnic
differences in dietary intake at age 12 and 18 months:
the Born in Bradford 1000 Study. Public Health Nutr 19,
114–122.
22. Fox MK, Pac S, Devaney B et al. (2004) Feeding infants and
toddlers study: what foods are infants and toddlers eating?
J Am Diet Assoc 104, 22–30.
23. Sharma S, Kolahdooz F, Butler L et al. (2013) Assessing
dietary intake among infants and toddlers 0–24 months of
age in Baltimore, Maryland, USA. Nutr J 12, 52.
24. Sheehy C, McNeill G, Masson L et al. (2008) Survey of sugar
intake among children in Scotland: Summary report.
http://www.food.gov.uk/sites/default/ﬁles/multimedia/pdfs/
publication/surveyofsugarscotland0308.pdf (accessed June
2016).
25. Public Health England & Food Standards Agency (2014)
NDNS: Results from Years 1 to 4 (combined). http://www.
gov.uk/government/statistics/national-diet-and-nutrition-
survey-results-from-years-1-to-4-combined-of-the-rolling-
programme-for-2008-and-2009-to-2011-and-2012 (acces-
sed February 2017).
P
u
b
lic
H
ea
lt
h
N
u
tr
it
io
n
Dietary intake and its relationship to BMI 11
26. City of Bradford Metropolitan District Council (2012)
2011 Census results. http://www.bradford.gov.uk/bmdc/
government_politics_and_public_administration/2011_census.
(accessed June 2016).
27. World Health Organization (2017) The Z-score or standard
deviation classiﬁcation system. http://www.who.int/
nutgrowthdb/about/introduction/en/index4.html (accessed
February 2017).
28. Fairley L, Petherick ES, Howe LD et al. (2013) Describing
differences in weight and length growth trajectories
between white and Pakistani infants in the UK: analysis of
the Born in Bradford birth cohort study using multilevel
linear spline models. Arch Dis Child 98, 274–279.
29. Mebrahtu TF, Feltbower RG, Petherick ES et al. (2015)
Growth patterns of white British and Pakistani children
in the Born in Bradford cohort: a latent growth
modelling approach. J Epidemiol Community Health 69,
368–373.
30. Nightingale CM, Rudnicka AR, Owen CG et al. (2011)
Patterns of body size and adiposity among UK children of
South Asian, black African-Caribbean and white European
origin: Child Heart And health Study in England
(CHASE Study). Int J Epidemiol 40, 33–44.
31. Yates A, Edman J & Aruguete M (2004) Ethnic differences in
BMI and body/self-dissatisfaction among Whites, Asian
subgroups, Paciﬁc Islanders, and African-Americans.
J Adolesc Health 34, 300–307.
32. Deurenberg P, Yap M & Van Staveren WA (1998) Body
mass index and percent body fat: a meta analysis among
different ethnic groups. Int J Obes Relat Metab Disord 22,
1164–1171.
33. Ambrosini GL (2014) Childhood dietary patterns and later
obesity: a review of the evidence. Proc Nutr Soc 73,
137–146.
34. Lin BH & Morrison RM (2002) Higher fruit consumption
linked with lower body mass index. Food Rev 25, 28–32.
35. Lakkakula AP, Zanovec M, Silverman L et al. (2008) Black
children with high preferences for fruits and vegetables are
at less risk of being at risk of overweight or overweight.
J Am Diet Assoc 108, 1912–1915.
36. Shields M (2006) Overweight and obesity among children
and youth. Health Rep 17, 27–42.
37. Thompson D, Ferry RJ, Cullen KW et al. (2016) Improve-
ment in fruit and vegetable consumption associated with
more favorable energy density and nutrient and food
group intake, but not kilocalories. J Acad Nutr Diet 116,
1443–1449.
38. World Health Organization (2003) Global Strategy on Diet,
Physical Activity and Health. http://www.who.int/diet
physicalactivity/fruit/index1.html (accessed November 2017).
39. HEART UK (2017) Fruit and vegetables. http://www.
heartuk.org.uk/cholesterol-and-diet/about-the-uclp/the-three-
uclp-steps/step-2-building-strong-foundations/fruit-and-
vegetables (accessed November 2017).
40. Bangor University (2017) Eating more fruit and veg dis-
places foods high in fat, sugar and salt in children’s diets.
http://www.caer.bangor.ac.uk/research/displace-fat-sugar-
salt.php.en. (accessed November 2017).
41. Pei Z, Flexeder C, Fuertes E et al. (2014) Food intake and
overweight in school-aged children in Germany: results
of the GINIplus and LISAplus studies. Ann Nutr Metab 64,
60–70.
42. Santorelli G, Fairley L, Petherick ES et al. (2014) Ethnic
differences in infant feeding practices and their relationship
with BMI at 3 years of age – results from the Born in
Bradford birth cohort study. Br J Nutr 111, 1891–1897.
43. Danielzik S, Czerwinski-Mast M, Langnäse K et al. (2004)
Parental overweight, socioeconomic status and high birth
weight are the major determinants of overweight and obe-
sity in 5–7 y-old children: baseline data of the Kiel Obesity
Prevention Study (KOPS). Int J Obes Relat Metab Disord 28,
1494–1502.
44. Fox MK, Dodd AH, Wilson A et al. (2009) Association
between school food environment and practices and body
mass index of US public school children. J Acad Nutr Diet
109, 108–117.
45. Millar L, Rowland B, Nichols M et al. (2014) Relationship
between raised BMI and sugar sweetened beverage and
high fat food consumption among children. Obesity (Silver
Spring) 22, E96–E103.
46. Chambers L (2016) Complementary feeding: vegetables
ﬁrst, frequently and in variety. Nutr Bull 41, 142–146.
47. Rose D (2013) 11 proven ways to get kids to eat more
vegetables. http://www.summertomato.com/11-proven-
ways-to-get-kids-to-eat-more-vegetables (accessed June
2017).
48. Caton SJ, Ahern SM, Remy E et al. (2013) Repetition counts:
repeated exposure increases intake of a novel vegetable in
UK pre-school children compared to ﬂavour–ﬂavour and
ﬂavour–nutrient learning. Br J Nutr 109, 2089–2097.
49. Nestle (2017) Ten healthy eating tips for kids. http://www.
nestle.com/nutrition-health-wellness/health-wellness-tips/
healthy-habits-kids (accessed April 2017).
50. Dixon B, Pena MM & Taveras EM (2012) Lifecourse
approach to racial/ethnic disparities in childhood obesity.
Adv Nutr 3, 73–82.
51. Emmett PM & Jones LR (2015) Diet, growth, and obesity
development throughout childhood in the Avon
Longitudinal Study of Parents and Children. Nutr Rev
73, Suppl. 3, 175–206.
52. Hughes AR, Sherriff A, Lawlor DA et al. (2011) Timing of
excess weight gain in the Avon Longitudinal Study of
Parents and Children (ALSPAC). Pediatrics 127, 730–736.
53. Robinson SM, Marriott LD, Crozier SR et al. (2009) Variations
in infant feeding practice are associated with body com-
position in childhood: a prospective cohort study. J Clin
Endocrinol Metab 94, 2799–2805.
54. Emmett P (2009) Dietary assessment in the Avon Long-
itudinal Study of Parents and Children. Eur J Clin Nutr 63,
Suppl. 1, S38–S44.
55. Leventakou V, Georgiou V, Chatzi L et al. (2015) Relative
validity of an FFQ for pre-school children in the mother–
child ‘Rhea’ birth cohort in Crete, Greece. Public Health
Nutr 18, 421–427.
56. Cade J, Thompson R, Burley V et al. (2002) Development,
validation and utilisation of food-frequency questionnaires –
a review. Public Health Nutr 5, 567–587.
57. de Hoog ML, Kleinman KP, Gillman MW et al. (2014) Racial/
ethnic and immigrant differences in early childhood diet
quality. Public Health Nutr 17, 1308–1317.
58. Cespedes A (2016) The disadvantages of BMI. http://www.
livestrong.com/article/32791-disadvantages-bmi/ (accessed
September 2016).
59. Smithers LG, Brazionis L, Golley RK et al. (2012) Associa-
tions between dietary patterns at 6 and 15 months of age
and sociodemographic factors. Eur J Clin Nutr 66, 658–666.
60. Robinson S, Marriott L, Poole J et al. (2007) Dietary patterns
in infancy: the importance of maternal and family inﬂuences
on feeding practice. Br J Nutr 98, 1029–1037.
61. Northstone K & Emmett P (2013) The associations between
feeding difﬁculties and behaviours and dietary patterns at
2 years of age: the ALSPAC cohort. Matern Child Nutr 9,
533–542.
62. Mikkila V, Rasanen L, Raitakari OT et al. (2005) Consistent
dietary patterns identiﬁed from childhood to adulthood: the
Cardiovascular Risk in Young Finns Study. Br J Nutr 93,
923–931.
63. Dennison BA, Rockwell HL & Baker SL (1997) Excess fruit
juice consumption by preschool-aged children is associated
with short stature and obesity. Pediatrics 99, 15–22.
P
u
b
lic
H
ea
lt
h
N
u
tr
it
io
n
12 S Mahoney et al.
64. Collison KS, Zaidi MZ, Subhani SN et al. (2010)
Sugar-sweetened carbonated beverage consumption
correlates with BMI, waist circumference, and poor
dietary choices in school children. BMC Public Health
10, 234.
65. Ludwig DS, Peterson KE & Gortmaker SL (2001) Relation
between consumption of sugar-sweetened drinks and
childhood obesity: a prospective, observational analysis.
Lancet 357, 505–508.
66. Taveras EM, Berkey CS, Rifas-Shiman SL et al. (2005)
Association of consumption of fried food away from home
with body mass index and diet quality in older children and
adolescents. Pediatrics 116, e518–e524.
67. Freedman DS, Khan LK, Serdula MK et al. (2006) Racial and
ethnic differences in secular trends for childhood BMI,
weight, and height. Obesity (Silver Spring) 14, 301–308.
68. Ogden CL, Carroll MD, Curtin LR et al. (2010) Prevalence of
high body mass index in US children and adolescents,
2007–2008. JAMA 303, 242–249.
69. Fox MK, Condon E, Briefel RR et al. (2010) Food consumption
patterns of young preschoolers: are they starting off on the
right path? J Am Diet Assoc 110, Suppl. 12, S52–S59.
P
u
b
lic
H
ea
lt
h
N
u
tr
it
io
n
Dietary intake and its relationship to BMI 13
